This paper describes purification and properties of this laccase (P-laccase), and compares some of the properties with those of laccases purified from culture mediumof C. versicolor by the method of Fahraeus and Reinhammar3) (C-laccase), and from latex ofR. succedanea imported from Taiwan by Ohmura's method4) (iMaccase). Laccase activity was assayed by the oxygen up-take method5) using 0.1 m Na acetate buffer (SAB), pH 4.5, containing 5mM catechol as a substrate. The activities in the presence of chelating agents and in an eluate from column chromatography were assayed by the colorimetric method5) using the same substrate solution. For TMaccase, the buff-1393 er was replaced with 0.1 m K phosphate buffer (KPB), pH 7.0. Protein in the eluate was monitored by absorbance at 280nm. Pycnoporus coccineus IFO-4923 was cultured in the mediumof Fahraeus and Reinhammar3)on a reciprocal shaker (120 rev./min) at 25°C for 2 weeks. One active band of P-laccase was shown by the PAGE6)of this culture mediumfrom which the mycelia were removed by filtration (Fig. 1A) . The culture medium (980ml) was concentrated to 1/10 volume by ultra filtration (exclusion Mr, lOkDa) and put on a column of DEAE-cellulose (4.5x40cm) equilibrated with 50mMKPB, pH 6.0. Protein was eluted stepwise with 50mM(2 1) and 100mM (1 1) ofKPB (pH 6.0), successively.
P-laccase was eluted with 100mM KPB.
Collected active fractions were dialyzed against 5 mMKPB, pH 6.8, concentrated, and put on a column (2.2 x 12cm) of hydroxyapatite (Koken Co.) equilibrated with the same buffer. The enzyme was eluted with the same buffer. Active fractions were collected, concentrated, and used as P-laccase. Table I is the summary of purification. The activity was recovered in a good yield (85%). The homogeneity of P-laccase was confirmed by PAGE,
SDS-PAGE,8) and isoelectric focusing electrophoresis
(IFE) (Fig. 1 , A, B, and C). P-laccase migrated faster than C-and TMaccases in PAGE (Fig. 1A) . The isoelectric point ofP-laccase was estimated to be pH 3.5 by IFE (Fig. 1C) . The Mr of /Maccase was estimated as 70kDa by SDS-PAGE (Fig. IB) , and 68kDa by gel nitration with a column of Sephacryl S-200 (1.6 x 75 cm) equilibrated with 50mM KPB, pH 6.0, using cytochrome c (Mr, 12.5kDa), ovalbumin (Mr, 45kDa), bovine serum albumin (Mn 68 kDa), and aldolase from rabbit muscle (Mn 158 kDa) as marker proteins (Boehringer-Mannheim Co.). The Mr of C-laccase and TMaccase were reported to be 64.4-64.7kDa3) and 130kDa,4) respectively. The results indicated that the enzyme was a single peptide. The content of carbohydrate was estimated to be 8% (as glucose) by the phenol-H2SO4 method,9) and the Cu content measured by atomic absorption spectrophotometry was 0.35% (3.9 Activity was measured by the oxygen up-take method (see the text).5) One unit was defined as the amount of the enzyme which consumed 1 fimol of oxygen per min. Protein was measured by Lowry's method,7) using bovine serum albumin as the standard.
* Present address: Central Laboratory, Rengo Co., Fukushima-ku, Osaka 553, Japan. Abbreviations: Cys, L-cysteine; DDC, sodium diethyldithiocarbamate; DTT, dithiothreitol; PAGE, polyacrylamide gel electrophoresis; Mr, relative molecular mass; SDS, sodium dodecyl sulfate. Fig. 1 . Electrophoresis of Pycnoporus coccineus Culture Medium, P-Laccase, C-Laccase, and 7?-Laccase. Enzyme activity was detected by the brown band developed by immersing the gel in 0.1 m SAB, pH 4.5, containing 50mMcatechol at 25°C for about lOmin. For TMaccase, the buffer was replaced by 50mMKPB, pH 7.0. Protein was detected by silver staining (Wako Pure Chemical Co.). for PAGE, and with Coomassie Brilliant Blue R-250 for SDS-PAGEand IFE. A, PAGE: lanes 1, 3, 4, and 5, laccase activity ofP. coccineus culture medium, and P-, C-, and iMaccases, respectively; lane 2, protein staining for P-laccase. B, SDS-PAGE: .R-laccase, 4 atoms/molecule3) and 5-6 atoms/molecule,4) respectively.) OptimumpH of P-, C-, and^-laccases were 4.5, 4.5, and 7.0, respectively. Profiles of the UV-visible spectrum (Amaxnm: 275 and 617; shoulder at 310nm) and ESRspectrum of P-laccase measured near 9 GHzin liquid nitrogen (77°K) were similar to those of laccases from C. versicolor10) and R. vemicifera,1 1} indicating the presence of Type 1 Cu(II) and Type 2 Cu(II). Effects of pH on the enzyme stability were investigated in the following buffers:
Mcllvain's citric acid-Na2HPO4 buffer12* (pH 3 to 8) and Atkins-Pantin's H3BO3-Na2CO3 buffer12* (pH 8 to ll). P-laccase was stable from pH 4 to 9 at 20°C for 24hr. Effects of temperature were investigated in 0. 1 mKPB, pH 7.0, and 0.1 m SAB, pH 4.5. The enzyme was stable below 65°C at both pH for 10 min, and was completely inactivated at 80°C. C-and TMaccases were completely inactivated at 70°C. In both experiments, the concentration of the enzyme solution used was 5,500 units/ml (See legend of Table I on definition of the unit.). P-laccase was completely inhibited by lmM Cys or 1mM DTT, but not by 1niM DDC. Actylacetone (lmM) inhibited the enzyme by 30%. C-laccase showed the same behavior to these compounds as P-laccase, but was inhibited slightly by lmMDDC (10%). P-laccase was completely inhibited by all the compounds under the same conditions. The relative oxidation rates of some substrates by P-laccase are listed in Table II with those of C-and P-laccases. The substrate specificity of P-laccase were similar to that of C-laccase, but different from that of P-laccase. Both the fungal laccases oxidized caffeic and hydrocaffeic acids as fast as catechol, but P-laccase oxidized them faster than catechol. Guaiacol was oxidized by both fungal laccases, and was hardly oxidized by P-laccase. Such specificities of the laccases may reflect the difference of their physiological roles, modification or/and degradation of lignin in the case of fungal laccases13"" 15) and protection of wounded plant tissues based on oxidation of laccol for P-laccase. Concentration of substrates was 5mM.Activity was measured by the oxygen up-take method.5)
